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(54) ACOUSTIC REFRIGERATION SYSTEM 

(57)Abstract: 

PROBLEM TO BE SOLVED: To realize a high efficiency 
acoustic refrigeration system by arranging a sound wave 
generator opposedly to a hollow annular acoustic pipe 
and forming a temperature gradient in a cold 
accumulator disposed at a specified position of the line 
of the acoustic pipe with a sound wave generated from 
the sound wave generator. 

SOLUTION: The acoustic refrigeration system 100 
comprises a closed loop of a hollow annular acoustic 
pipe 1 provided with a cold accumulator 4 at an 
appropriate position thereof The sound wave generator 
(loudspeaker) 5 generating a sound wave having 
resonance frequency of the acoustic pipe 1 is disposed 
at a position separated from the cold accumulator 4 by 
about 10/24 of the circumferential length of the 
acoustic pipe. When a pressure wave having frequency 
equal to the resonance frequency of the pipe 1 is 
emitted from the loudspeaker 5, a pressure variation is 

generated in the pipe 1. The pressure variation is amplified in the cold accumulator 4 and 
reciprocal motion of fluid is induced. Since a gas cycle is formed by heat absorption through 
isothermal expansion and heat radiation through isothermal compression, temperature 
difference appears across the cold accumulator 4. Consequently, and heat is absorbed from a 
low temperature side heat exchanger 1 03 and discharged to a high temperature side heat 
exchanger 102 thus realizing an efficient cooling action. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]A sound freezer countering a pipeline of a hollow annular sounding tube, and arranging a 
sound generator, and forming a temperature gradient in regenerator by a sound wave which it is 
placed between prescribed positions of a pipeline of a sounding tube by regenerator, and is 
emitted from a sound generator. 

[Claim 2]The sound freezer according to claim 1, wherein said sound generator generates a 
sound wave which was formed so that a peripheral face of a pipeline of said sounding tube might 
be touched directly, and was set as resonant frequency of said sounding tube. 
[Claim 3]The sound freezer according to claim 1 , wherein said sound generator generates a 
sound wave which was formed so that it might branch from a pipeline of said sounding tube, and 
was set as resonant frequency of said sounding tube. 

[Claim 4]The sound freezer according to claim 3, wherein said sound generator is provided in 
abbreviated 3% thru/or a position which separated abbreviated 18% of pipeline peripheral length 
of this sounding tube along with a branch pipe which branches from a pipeline of said sounding 
tube. 

[Claim 5]The sound freezer according to any one of claims 2 to 4, wherein said sound generator 
is provided near [ said ] the regenerator. 

[Claim 6]The sound freezer according to any one of claims 2 to 4, wherein said sound generator 
is provided in abbreviated 8/24 thru/or a position that separated abbreviated 1 1 / 24 of this 
pipeline peripheral length and is along with a pipeline of said sounding tube from said regenerator. 
[Claim 7]The sound freezer according to claim 6, wherein said sound generator is allocated by 
position which this pipeline peripheral length separated from said regenerator abbreviated 10 / 
24 along with a pipeline of said sounding tube. 

[Claim 8]The sound freezer according to claim 5, wherein the low temperature side heat 
exchanger is provided in a peripheral face of said pipeline by the side of said sound generator of 
said regenerator and the elevated-temperature side heat exchanger is provided in a peripheral 
face of said pipeline of an opposite hand with said sound generator of said regenerator. 
[Claim 9]The sound freezer according to claim 6 or 7, wherein the elevated-temperature side 
heat exchanger is provided in a peripheral face of said pipeline by the side of said sound 
generator of said regenerator and the low temperature side heat exchanger is provided in a 
peripheral face of said pipeline of an opposite hand with said sound generator of said regenerator. 



[Translation done.] 
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[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]Especially this invention relates to the sound freezer which can attain 
efficient-izing and simplification of an equipment configuration about a sound freezer. 
[0002] 

[Description of the Prior Art]Conventionally. the sound freezer which freezes using a sound 
wave is known (for example, refer to JP,3-46745,B). 

[0003] For example, the one end 202 A stops the sound freezer 200 shown in drawing 8 . have the 
resonance tube 202 in which the other end 202B carried out the opening, counter the open end 
202B of this resonance tube 202, and the loudspeaker 201 for sound productions is arranged, 
and. In the resonance tube 202, the regenerator 203 which arranges a plate to two or more 
layers is arranged. 

[0004]Here, the frequency of the force current to the loudspeaker 201 is set as the value with 
which a sound wave will sympathize within the resonance tube 202. If a sound wave is generated 
towards the closing end 202A of the resonance tube 202 from the loudspeaker 203, in the 
resonance tube 202, the **** pressure distribution P shown in drawing 8 w ill be formed, and the 
portion of the large belly of pressure fluctuation and the portion of the small paragraph of 
pressure fluctuation will occur by turns. As the arrow W shows in a figure, a belly and a 
paragraph will arise also in displacement of gas. 

[0005]As a result, a temperature gradient occurs to the both ends of the regenerator 203. And 
the low temperature end and high temperature end of the regenerator 203 perform cooling of a 
subject, and heat dissipation to the external world via a heat exchanger (graphic display 
abbreviation), respectively. 

[0006]The Brayton cycle which consists of the minute adiabatic compression about a gas clump, 
an isobaric change, adiabatic expansion, and four distance of an isobaric change can explain the 
above-mentioned sound freezer 200. 

[0007]However, in the Brayton cycle which the above-mentioned conventional sound freezer 
200 constitutes, In order to make heat emit according to temperature when heat is made to 
absorb according to the difference of temperature when a gas clump expands, and the 
temperature of the regenerator 203 or a gas clump is compressed, the temperature of the 
regenerator 203, and a difference, the thermal moving process has become irreversible and there 
is a fault whose thermal efficiency is lower than a Carnot cycle. 
[0008] 

[Problem(s) to be Solved by the Invention]Then, the thermal moving stroke became reversible 
and the applicant for this patent has proposed the sound freezer which can realize the gas cycle 
near the Carnot cycle which is an ideal gas cycle (JP, 10-325625, A). 

[0009]Based on drawing 9 - drawing 14 . the basic structure and the principle of this sound 
freezer are explained. 
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[0010]As shown in drawing 9 t the sounding tube 1 which should advance a sound wave forms the 
pipeline of a hollow annular closed loop. The peripheral length of this sounding tube 1 is set up 
so that it may become an integral multiple of the wavelength of a sound wave. Let the length of 
the center line of the sounding tube 1 be peripheral length in the following examples. The 
loudspeakers 2 and 3 as a sound generator make only 1/4 wave of distance of a sound wave 
equal odd times estrange mutually, and they are attached to the sounding tube 1 so that a sound 
wave may be emitted in the sounding tube 1 . 

[001 1]The sound wave generating control device 50 is connected to the loudspeakers 2 and 3, 
and drive controlling is carried out so that the phase of the sound wave emitted from the 
loudspeakers 2 and 3 may shift only 1/4 wave of odd times of a sound wave mutually. 
[0012]Next, the principle of operation of a sound freezer is explained with reference to drawing 
10. 

[0013]The sound wave emitted from each loudspeakers 2 and 3 branches to a 2-way, after 
entering in the sounding tube 1, and it advances the inside of the sounding tube 1. And two 
sound waves which are emitted from both the loudspeakers 2 and 3 and advance the inside of 
the sounding tube 1 overlap mutually. 

[0014]Here, the sound waves 2R and 3R which the sound waves 2L and 3L which advance 
leftward [ of a figure ] become in phase from the arrangement space of the loudspeakers 2 and 3 
and the relation of the phase contrast of a sound wave, and are piled up mutually, amplify, and 
advance rightward [ of a figure ] serve as an opposite phase, and are negated mutually. As a 
result only the sound wave which advances only to one way (left) remains, and since this sound 
wave goes around the inside of the sounding tube 1 further and is piled up with the sound wave 
of the same phase, amplitude will increase like resonance. 

[0015]Next, as shown in drawing 1 1 , a frozen principle when heat exchange nature arranges the 
cool storage member 40 in which it is good and pressure loss is small in the sounding tube 1 of a 
sound freezer is explained with reference to drawing 1 2 . 

[0016]The advance sound wave which passes the cool storage member 40 has a phase shift by 
the position, if it pays its attention to the minute gas clump located in a certain place, bordering 
on the center position, the expansion stroke arose in the direction of movement of the sound 
wave, and the compression stroke has produced it in the counter direction. In this expansion 
stroke and compression stroke, heat will be carried to an opposite direction one by one with the 
direction of movement of a sound wave by performing heat absorption and heat dissipation using 
the cool storage member 40. Since this heat transfer distance is reversible, thermal efficiency 
becomes high rather than the conventional sound freezer. 

[0017]The gas cycle of the above-mentioned sound freezer is explained with reference to 
drawing 13 and drawing 14 . 

[001 8] A Carnot cycle comprises isothermal distance and heat insulation distance, and as shown 
in drawing 13 , it is shown by the T-S diagram as a cycle diagram of the rectangle of A-H-GHD. 
Here, A->H shows adiabatic expansion distance (entropy regularity), H->G shows isothermal 
expansion distance, G->D shows adiabatic compression distance, and D->A shows isothermal 
expansion distance. 

[0019]As shown in drawing 12 . when a sound wave passes through the inside of the good cool 
storage member of the heat-conducting characteristic used as a gas clump to one way, a minute 
gas clump produces pressure variation at the same time it moves reciprocately. When a gas 
clump moves to the direction of movement of a sound wave most, the pressure buildup of 
pressure variation is quick and it is curtailed strongly. Since the heat-conducting characteristic 
of a cool storage member is good, isothermal compression will be performed here. This 
isothermal compression distance is shown by D->A in drawing 1 3 and drawing 14 (a). 
[0020]Next when a gas clump moves to the direction of movement of a sound wave, and a 
counter direction, heat is emitted in accordance with the temperature gradient of a cool storage 
member, and a gas clump is cooled by an abbreviation isochoric change. This distance is shown 
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by A->B in drawing 1 3 and drawing 1 4 (b). 

[0021]Then f in the end of the counter direction of the direction of movement of a sound wave, 
the fall of a pressure is quick and expands strongly. At this time, it becomes the isothermal 
expansion distance by which heat is absorbed from a cool storage member. This distance is 
shown by B->C in drawing 1 3 and drawing 14 ( c). 

[0022]Also when gas moves to the direction of movement of a sound wave, it becomes an 

isochoric change which absorbs heat in accordance with the temperature gradient of a cool 

storage member. This distance is shown by C->D in drawing 1 3 and drawing 1 4 (d). 

[0023]The above enables it to carry heat to an opposite direction with the direction of movement 

of a sound wave by one cycle of D->A->B->C->D shown in drawing 13 . Thus, the cycle 

constituted by isothermal distance and equivalence distance is called a Stirling cycle, and the 

heat insulation distance of a Carnot cycle turns into equivalence distance. 

[0024]Therefore, according to the above-mentioned sound freezer, efficiency equivalent to a 

Carnot cycle will be obtained. 

[0025]However, in this sound freezer, since a part of pressure wave was reflected without 
passing regenerator, there was a problem that apparatus efficiency fell by the energy of the 
reflected pressure wave. As described above, when two or more sound generators were 
provided, the device etc. which adjust the phase of these sound generators needed to be 
formed. 

[0026]This invention is made in view of this point, and it aims at realizing the gas cycle near the 
Carnot cycle which is an ideal gas cycle, and providing the sound freezer which realized 
efficientHzation with simplification of the equipment configuration. 
[0027] 

[Means for Solving the Problem]Counter a pipeline of a hollow annular sounding tube, and a 
sound generator is arranged, and this invention is a sound freezer forming a temperature gradient 
in regenerator by a sound wave which it is placed between prescribed positions of a pipeline of a 
sounding tube by regenerator, and is emitted from a sound generator. And said sound generator 
is specifically good also as composition which generates a sound wave which was formed so that 
a peripheral face of a pipeline of a sounding tube might be touched directly, and was set as 
resonant frequency of a sounding tube. 

[0028]If a sound wave of frequency equal to resonant frequency of a sounding tube is entered 
from a sound generator by using this composition, big pressure fluctuation arises within a 
sounding tube, and within regenerator, reciprocating movement of a fluid will also be induced at 
the same time the amount of pressure fluctuation is amplified. 

[0029]Said sound generator is good also as composition which generates a sound wave which 
was formed in abbreviated 3% thru/or a position which separated abbreviated 18% of pipeline 
peripheral length of a sounding tube along with a branch pipe which branches from a pipeline of a 
sounding tube, and was set as resonant frequency of a sounding tube. 

[0030] By using this composition, compared with a case where it is made to arrange directly to a 
peripheral face of a pipeline of a sounding tube, work flux is amplified and the carry heat effect 
becomes large. 

[0031]Said sound generator is good also as composition which is provided in abbreviated 8/24 
thru/or a position that separated abbreviated 11 / 24 of this pipeline peripheral length, and is 
required along with a pipeline of a sounding tube from regenerator near the regenerator. It is 
preferred to be allocated by position which pipeline peripheral length separated from regenerator 
abbreviated 1 0 / 24 along with a pipeline of a sounding tube especially. Thereby, pressure 
fluctuation and the rate of flow in this case become in phase, and make both ends of regenerator 
produce a big temperature gradient. 

[0032]And when said sound generator is provided and is near the regenerator, the low 
temperature side heat exchanger is provided in a peripheral face of a pipeline by the side of a 
sound generator of regenerator, and the elevated-temperature side heat exchanger is provided in 
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a peripheral face of a pipeline of an opposite hand with a sound generator of regenerator. When 
said sound generator is provided in abbreviated 8/24 thru/or a position that separated 
abbreviated 11 / 24 of this pipeline peripheral length and is along with a pipeline of a sounding 
tube from regenerator, The elevated-temperature side heat exchanger is provided in a peripheral 
face of a pipeline by the side of a sound generator of regenerator, and the low temperature side 
heat exchanger is provided in a peripheral face of a pipeline of an opposite hand with a sound 
generator of regenerator. 
[0033] 

[Embodiment of the Invention]Hereafter, it explains concretely over a drawing about an 
embodiment of the invention. Drawing 1 is an outline sectional view showing the basic structure 
of the sound freezer in which the example of 1 embodiment of this invention is shown. 
[0034] As shown in drawing 1 . the sound freezer 100 has the hollow annular sounding tube 1, and 
serves as a closed loop. Let the length of the center line of the sounding tube 1 be peripheral 
length in this embodiment The regenerator 4 is allocated in the proper place of the pipeline of 
the sounding tube 1 . The regenerator 4 builds in the layered product, the porous body, or the 
cool storage member (graphic display abbreviation) that consists of two or more parallel boards 
mutually of the shape of a wire gauze which consists of thermally conductive high materials of 
copper, a copper alloy, iron, stainless steel, etc. The loudspeaker 5 as a sound generator 
generates the sound wave set as the resonant frequency of the sounding tube 1, It is allocated 
by the position which sounding tube peripheral length separated from the regenerator 4 
abbreviated 8 / 24- abbreviation 1 1 / 24 along with the pipeline, and is allocated in this example 
by the position 106 in which only abbreviated 10/24 of sounding tube peripheral length 
separated from the regenerator 4. 

[0035]Winding allocation of the elevated-temperature side heat exchanger 102 and the low 
temperature side heat exchanger 103 is carried out in sounding tube 1 peripheral face by the 
side of the both ends of the regenerator 4. 

[0036]Although this example of an embodiment explained the case where the sound generator 5 
was directly arranged to some tube walls of the sounding tube 1, Apart from this, as shown in 
drawing 3 and drawing 4 . the loudspeaker 5 is allocated in the end portion of this branch pipe 6 
using the branch pipe 6 which branched from the sounding tube 1 , and it does not matter as 
composition which supplies a sound wave to sounding tube 1 inside from there. The loudspeaker 
5 is allocated by the position from which the length 1 07 of the branch pipe 6 countered and 
connected to the sounding tube 1 becomes abbreviated 3%-18% of the pipeline peripheral length 
of the sounding tube 1 . 

[0037]By the above composition, if it enters from the loudspeaker 5, big pressure fluctuation will 
produce the pressure wave of frequency equal to the resonant frequency of the sounding tube 1 
within the sounding tube 1 . At this time, within the regenerator 4, reciprocating movement of a 
fluid is also induced at the same time the amount of pressure fluctuation is amplified, and these 
pressure fluctuation and the rate of flow become in phase further. While the gas cycle which 
repeats the endothermic by isothermal expansion and heat dissipation by isothermal 
compression is formed and making the both ends of the regenerator 4 produce a big temperature 
gradient with the pressure fluctuation within this regenerator 4, and reciprocating movement of a 
fluid, Heat is radiated to an endothermic and the elevated-temperature side heat exchanger 102 
from the low temperature side heat exchanger 103 by the side of the both ends of the 
regenerator 4, and it acts as the freezer which cools a subject efficiently, or heat pump. As 
shown in drawing 2 or drawing 4 . the effect same as for an about four-regenerator position 106 
can be attained for the arranging position of the loudspeaker 5. 

[0038] Next, by allocating the sound generator 5, as described above explains why an above- 
mentioned effect is realizable. 

[0039]According to the general acoustic theory, when channel length is large enough compared 
with a passage diameter, the pressure wave in a pipe can be approximated and analyzed by a 
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one-dimensional plane wave, and it is known that a pressure and the rate of flow will be easily 
calculable. With the application of this acoustic theory, the applicant for this patent drew the 
expression which computes the amount P of change and the rate of flow U from average value of 
a pressure of the pressure wave in the regenerator 4 arranged in the sounding tube 1 like the 
above-mentioned drawing 1 device. The result is as being shown in the following expression 1 
and the expression 2. 



[0040] 
[Equation 1] 



P =P dt -e" ,< -—" + P d 



[0041] 
[Equation 2] 



Jl— £-/ /i— 2-/ 



(0 s_ x <_ L d ) 



[0042]The place which the numerals in the above-mentioned expression mean here is as follows. 
Pd+: — the amplitude of the sound wave which advances clockwise, and Pd~: — the amplitude 
of the sound wave which advances counter clockwise, omega : The angular frequency of 
vibration, the mean density of rhomrworking medium, the length of the Ld.regenerator 4, x: The 
coordinates which made the regenerator left end the starting point and were clockwise taken in 
accordance with the center line of the sounding tube 1, a: the constant of the resistance force 
proportional to acoustic velocity, trtime, and the rate of flow known as a D:Darcy's law. According 
to the heat acoustic theory (reference: Tominaga, A.1995 Thermodynamic aspects of 
thermoacoustic theory. Cryogenics. 35,427-440). The effect of isothermal reversible distance 
becomes in the regenerator which was able to do the opening with small construction material, 
heat-conducting characteristic is dramatically good, and dominant, and it is known that the 
amount of carry heat by this effect can be quantitatively evaluated by the following expression 3. 
And I in this expression 3 is work flux, and is the amount P of change from the average value of a 
pressure and the quantity defined by the rate of flow U which are shown in the following 
expression 4. 
[0043] 
[Equation 3] 

Q prog = -0 T m Re(Fs • g) • / 

[0044] 
[Equation 4] 

I =<P • u> t 

[0045]The place which the numerals in the above-mentioned expression mean here is as follows. 
Qprog: The amount of carry heat in regenerator, work flux in Iiregenerator, beta : The coefficient 
of thermal expansion of working medium, Tm : The spatial mean temperature of working medium, 
the constant relevant to the calorific capacity ratio of Fs:working medium and regenerator, g: As 
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shown in the account expression 3 of a price increase showing the time average in the constant 
relevant to heat-conducting characteristic, the function showing the real part in Re():() t and < 
>t< >, The amount Qprog of carry heat in regenerator is proportional to the work flux I, and if the 
work flux I in the regenerator 4 of the sounding tube 1 is calculated using the above-mentioned 
expression 1 , 2, and 4 about the case where the distance Lds from the regenerator 4 to the 
sound generator 5 is changed, it will serve as a curve shown as the solid line of drawing 5. Since 
the attaching member generally intervenes in allocating the sound generator 5 in the peripheral 
face of the pipeline of the sounding tube 1 , the sound generator 5 will be formed in the position 
which is a little separated from the pipeline of the sounding tube 1 actually. For this reason, the 
curve shown as the solid line of drawing 5 in consideration of this point is calculated supposing 
the case where the sound generator 5 is allocated by the position which that pipeline peripheral 
length separated from the pipeline of the sounding tube 1 2%. Here, distance of the sound 
generator 5 and the peripheral face of a sounding tube pipeline was made into 2% because the 
interval produced with an attaching member etc. had become about 1 to 2% of pipeline peripheral 
length conventionally. 

[0046] When the sound wave incidence position from this result to the sounding tube 1 serves as 
distance of abbreviated 10 / 24 of sounding tube peripheral length from the end of about four 
regenerator or the regenerator 4, the work flux I is considered that it becomes the maximal value 
of positive/negative and the carry heat effect becomes the strongest. However, in an about 
four-regenerator position and the position of the above-mentioned abbreviation 1 0/24, the 
direction to carry heat becomes opposite. 

[0047]When the sound wave incidence position to the sounding tube 1 serves as distance of 
abbreviated 10 / 24 of sounding tube peripheral length from the end of the regenerator 4, It 
becomes the curve which showed the work flux I in the regenerator 4 as the solid line of drawing 
6_when calculated also about the case where the distance Lbs to the loudspeaker 5 is changed 
from a tee along with the branch pipe 410. When work flux is amplified by taking the distance 
from a tee to the loudspeaker 5 and that distance becomes 16% of the pipeline peripheral length 
of the sounding tube 1 from this result theoretically, work flux serves as the maximum and is 
considered that the carry heat effect becomes the strongest. 

[0048]Next, it experimented in order to confirm the validity of the result based on an above- 
mentioned theory- In drawing 7 . the sound freezer 400 has the hollow annular sounding tube 1, 
and the peripheral length is about 3.4 m. The loudspeaker 5 (sound generator) is installed in this 
sounding tube 1 via the tee 410. The covering 420 is attached to the back of the loudspeaker 5. 
The amplifier 430 and the signal generator 440 for generating a predetermined pressure wave are 
connected to the loudspeaker 5. 

[0049]On the other hand, the regenerator 4 is formed in the sounding tube 1, the thermo couples 
450 and 451 are attached to the both ends of that regenerator 4, and the oscillographic recorder 
460 for checking the temperature gradient acquired from this thermo couple is connected. 
[0050]The loudspeaker 5 was driven with the resonant frequency of the sounding tube 1, 
capability measurement of the sound freezer 400 which consists of the above composition was 
performed, distance Lds470 of the tee 410 and the regenerator 4 to which the loudspeaker 5 is 
connected was changed, the influence was investigated, and it expressed with the symbol sign of 
a white rectangular head to drawing 5 . However, the length Lbs of the tee 410 is made into 2% of 
the pipeline peripheral length of the sounding tube 1 like the case where it is based on the 
above-mentioned theory, in this case. 

[0051]Distance Lds470 of the tee 410 and the regenerator 4 to which the loudspeaker 5 is 
connected was set to abbreviated 1 0 / 24 of the pipeline peripheral length of the sounding tube 
1, the length Lbs of the tee 410 was changed, the influence was investigated, and the dotted line 
showed to drawing 6 . Scale adjustment of the work flux I and a regenerator both-ends 
temperature gradient is performed so that it may be easy to understand correlation in drawing 5 
and drawing 6. 
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[0052]The experimental result about the influence of Lds obtained by the device of drawing 7 
was able to check that the theory which the result and the tendency to be based on the theory 
mentioned above were very well in agreement, and mentioned above was appropriate so that the 
result of this drawing 5 might show. 

[0053]Although the result and the tendency to be based on the theory which the experimental 
result about the influence of Lbs obtained by the drawing 7 device mentioned above from the 
result of drawing 6 on the other hand are in agreement, the maximum has shifted and it thinks 
because it is necessary to take into consideration other actually produced elements, such as 
influence of a regenerator loss. 

[0054]And along with a pipeline, from an about four-regenerator position or the regenerator 4 so 
that clearly from the result of this drawing 5 in the position of the distance of abbreviated 8/24 
- 1 1/24 of the pipeline peripheral length of the sounding tube 1. A regenerator both-ends 
temperature gradient will be about 20 degrees, the regenerator both-ends temperature gradient 
is the largest further in the position of the distance of abbreviated 1 0 / 24 of the regenerator 4 
to pipeline peripheral length, and efficientHzation of a device will be attained by allocating the 
loudspeaker 5 as a sound generator in this position. 

[0055]The regenerator both-ends temperature gradient at the time of making the length Lbs of 
the tee 410 into abbreviated 3%-18% of the pipeline peripheral length of the sounding tube 1 is 
not less than about 30 ** from the experimental result of drawing 6 . A quite bigger value than 
the regenerator both-ends temperature gradient (about 23 **) at the time of making the length 
Lbs of the tee 410 into 2% of the pipeline peripheral length of the sounding tube 1 will be 
obtained, and the increase in efficiency of a device will be attained by adjusting the length of the 
tee 410 to this range, and arranging the loudspeaker 5. 

[0056] Explanation of the above-mentioned embodiment is for explaining this invention, and it 
should not be understood so that the invention of a statement may be limited to a claim or the 
range may be reduced. As for each part composition of this invention, it is needless to say for 
various modification to be possible in a technical scope given not only in the above-mentioned 
embodiment but a claim. 

[0057]For example, although the case where only one piece was constituted using the sound 
generator 5 was explained, the sound generator 5 is not cared about with explanation of the 
above-mentioned embodiment as arranged composition. In this case, since the phase of the 
sound wave of these sound generators turns into an inphase or an opposite phase, there is an 
advantage of not needing the complicated phase adjuster etc. which adjust a phase. 
[0058]Although explanation of the above-mentioned embodiment explained the sound generator 
5 as an input part, if the heat exchanger which made the sound generator 5 the outputting part 
and was installed in regenerator 4 both ends is made into an input part, it is possible to also 
make it function as an engine cycle. 
[0059] 

[Effect of the Invention]According to this invention, reciprocating movement of a fluid is also 
induced at the same time the amount of pressure fluctuation within regenerator is amplified, and 
also pressure fluctuation and the rate of flow become in phase as stated above. As a result, the 
both ends of regenerator can be made to produce a big temperature gradient, and efficient- 
ization of a device can be attained. 

[0060] For this reason, one set only of a sound generator can attain efficient-ization more than a 
device conventionally, and it can also attain simplification of an equipment configuration. 
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[Brief Description of the Drawings] 

[Drawing H it is an outline sectional view showing the example of 1 embodiment of the sound 
freezer concerning this invention. 

fD rawing 2] It is an outline sectional view showing the 2nd example of an embodiment of the 
sound freezer concerning this invention. 

["Drawing 3l lt is an outline sectional view showing the 3rd example of an embodiment of the 
sound freezer concerning this invention. 

[Drawing 4] It is an outline sectional view showing the 4th example of an embodiment of the 
sound freezer concerning this invention. 

[Drawing 5l lt is a figure for explaining the result based on the theory of a sound freezer and the 
experiment in this invention. 

[Drawing 6] It is a figure for explaining the result based on the theory of a sound freezer and the 
experiment in this invention. 

[Drawing 7] It is an experiment circuitry figure for checking the effect of the sound freezer in this 
invention. 

[Drawing 8ll t is a sectional view of the conventional sound freezer. 

[Drawing 9] I t is a figure for explaining the principle of operation of the sound freezer concerning 
an applicant's proposal. 

[Drawing 10] lt is Drawing 2 same as the above. 

[Drawing 1 H it is a schematic diagram showing the basic structure of this sound freezer. 
[Drawing 1 2l lt is a figure for explaining the heat transfer distance of this sound freezer. 
[Drawing 1 3] It is a T-S diagram showing the refrigerating cycle of this sound freezer. 
[Drawing 14] It is a figure for explaining this refrigerating cycle. 
[Description of Notations] 
1 Sounding tube 

4 Regenerator 

5 Sound generator 
1 00 Sound freezer 

1 02 Elevated-temperature side heat exchanger 

103 Low temperature side heat exchanger 
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